The economic evaluation of proposed transportation projects has traditionally been a technical process based on collected data and equations. Future needs must be considered to adequately meet the demands of system users. To ensure project success as political pressure forces transportation projects to be both beneficial and nonintrusive, transportation professionals must begin incorporating the public into every stage of a proposed project, including the economic analysis. By bringing together existing technologies, a streamlined process of producing future needs estimates, performing the economic evaluation of the proposed solution and displaying the costs and benefits of the solution has been created. This process is performed in a geographic information system environment that enables the efficient storage and visualization of data, thereby increasing the efficiency of the economic evaluation as well as providing a venue to display results.
INTRODUCTION
The decision to spend tax dollars for infrastructure improvement requires justifying the capital costs with more than simply a timesavings to the users. Current construction projects will not have the obvious economic benefits enjoyed b y the Interstate System projects of the 1950s and 60s, therefore decision makers must be conscious of economic factors from the beginning of any proposed project (1). Both the scale and level of detail required for an economic analysis typically varies according to a number of factors including the size and estimated capital cost of the project, makeup of surrounding land-use and existing network infrastructure. Justification of smaller projects can normally be done with very little economic analysis while multi-million dollar projects typically require a detailed economic investigation.
In order to perform an economic evaluation of a proposed transportation project, a large set of data must first be collected. First the population and employment base upon which the costs and benefits will be spread must be established. An attempt at quantifying the costs and benefits must then be undertaken. Costs that should be considered during project planning range from the more quantifiable capital, maintenance and administrative costs Ames, Iowa 124 to the more abstract environmental and societal costs. Typical benefits are a combination of increased access, mobility, safety or environmental friendliness depending upon the function of the project. Both the costs and benefits must be identified for the entire impacted area as well as the entire useful life of the project. The most critical issue is the effect the project will have on the traffic flow patterns throughout the affected area. This data may originate from spreadsheet calculations or more complicated travel demand models depending upon the size and complexity of the affected area, however either approach results in a link-by-link forecast of traffic volumes for each alternative (2) . Pozenda suggests integrating a travel demand model with an economic evaluation model to provide better economic predictions as part of the transportation planning process ( 3) . This paper uses the commercial travel demand model Tranplan to produce link speeds and volumes for both a base and an alternative scenario.
The Federal Highway Administration (FHWA) has produced several software packages that perform an economic analysis on proposed transportation project scenarios. Programs such as the Spreadsheet Model for Induced Travel Estimation (SMITE) and Sketch Planning Analysis Spreadsheet Model (SPASM) provide estimates based on spreadsheet calculations of traffic flow changes (4, 5) . To assess impacts at the system level, FHWA has developed the ITS Deployment Analysis System (IDAS) (4, 6) and the Surface Transportation Efficiency Analysis Model (STEAM) (4, 7) programs. Both programs use network files containing travel speeds and traffic volumes, skim tree data, origin to destination tables, socio-economic data aggregated at the traffic analysis zone and a multitude of other economic variables to calculate traffic impacts due to an alternative scenario. National default values are incorporated into both software packages for all calculated costs, such as emission rate, fuel cost and accident cost. All default values are editable, allowing the programs to be customized for a particular city, county or state.
PROJECT OVERVIEW
To assist in the transportation demand modeling process, including calibration of the model and 
ARCVIEW-TRANPLAN INTERFACE
The ArcView-based interface allows the user to either recreate an existing Tranplan network or create a new Tranplan network with the use of aerial photography within ArcView. Once the Tranplan network of links and nodes has been created, the interface creates control files to be executed by Tranplan in order to perform the traffic forecast. Tranplan is executed by the interface and the output information is returned to the interface to be added to the original Tranplan network. Analysis and calibration tools have also been added to allow for model validation with the ArcView-Tranplan interface (10) . The interface has incorporated the BEAM program to provide users with economic analysis functionality when comparing transportation project alternatives. Similar transportation GIS packages are also available commercially such as Viper (11) and TransCAD (12) . The Federal Highway Administration's STEAM website provides conversion programs to convert several travel demand models including TransCAD, TP+, Emme/2 and Tranplan into STEAM input files (13) .
To begin an economic analysis using the ArcView-Tranplan interface, a completed Tranplan model loaded into ArcView must exist for both the base and alternative scenarios. Note: Both projects must have the same map projection to allow for overlaying the network files. The first step in performing the economic analysis is to load the alternative scenario shapefiles into the base scenario's ArcView project. This feature has been automated through the use of the ArcView-Tranplan interface.
FORMATTING REQUIRED INPUT DATA FOR BEAM
The BEAM program requires input files for the both the base and alternative scenarios. By using a GIS package to both visualize and reformat the data, the user can easily verify the validity of the BEAM input files. For each scenario, a formatted network file containing information about each link in the network is required. An origin/destination file and skim tree data file are also required for both scenarios. Since the BEA M program requires that the number of traffic analysis zones remains constant from the base scenario to the alternative scenario, only one centroid file is required as input. A district file containing the name of each district is also required. Table 1 shows the required input files for a BEAM analysis.
To distribute user costs and benefits to each district, the population and employment of each zone may be used by BEAM. To transfer this zonal information to BEAM, the data must first be entered into the centroid attribute table. Although these data are not required to perform a BEAM analysis, the population and employment data will result in a more appropriate analysis of user benefits. Due to its ease of data handling, the use of ArcView to populate both the population and employment fields in the centroid attribute table before beginning the BEAM analysis is encouraged.
The BEAM economic analysis program allows the user to specify districts upon which an economic evaluation will be conducted. These districts are smaller regions within the network, such as the central business Ames, Iowa 127 district or a suburb. The interface allows the user to create the district polygons on top of the existing Tranplan network (Figure 3) , however, the district file used as a BEAM input file is created in a later step in the process. The district polygons are also used later by ArcView to thematically display the BEAM output at the district level.
BEAM requires that a network file containing data for every link in the network is created for both the base and alternative scenarios. These link records must be in one-way format, ordered by both the a-node and b-node of the link and must contain the distance, free flow speed, capacity, volume and functional class of the link. These files are created by the interface through the use of the Tranplan Data Formatting input screen (Figure 4) . The interface accesses the ArcView database files then formats and prints the data in BEAM format. The BEAM Users Manual (9) discusses the format requirements for the network links in more detail.
After the link files for the base and alternative scenarios have been reformatted, the shortest impedance route data from each zone to every other zone (skim trees) for both scenarios are extracted from Tranplan through the aid of the interface. With link speeds, volumes, skim trees and turn prohibitor information, a Tranplan control file is created that will output the shortest path between all zones for both the base and alternative scenario networks.
After the new control file is written, Tranplan is executed and a text file containing the shortest path information for both the base and alternative scenarios is output. These files contain each origin zone, destination zone and the corresponding time to travel between the zonal pair based on the last traffic assignment iteration. Another vital data source is the origin /destination table for both the base and alternative scenarios.
A final reformatting of the Tranplan output into the required BEA M format is required and is performed by the BEAM Input Builder screen. The output of this function is the BEAM formatted skim data files and origin/destination files for both base and alternative scenarios, as well as the corresponding centroid and district files. Intrazonal trips are not included in the BEAM analysis.
RUNNING BEAM
Once all required input files have been created by the ArcView-Tranplan interface, the BEAM program is started. If creating a new BEAM analysis, the user must first define the analysis and enter the district file name which will be used later to bring the BEAM output back into ArcView. The next step is to define the market sectors to be analyzed. The user also specifies the auto occupancy, 
BRINGING BEAM OUTPUT INTO ARCVIEW
After the BEAM economic analysis has been completed, the user should verify the analysis results.
Verification of results may be done by comparing the travel demand model's traffic assignment outputs of systemwide VHT and VMT with BEAM's system-wide VHT and VMT. When satisfactory results have been achieved, the output may be brought back into ArcView. This is done to allow the user to graphically view the analysis results at the district level and compare the proposed project's effects on one district versus another district.
ArcView can quickly and easily join data sets on a one to one basis as long as both sets have a common attribute such as district number. The final step in the BEAM analysis process is the joining of the BEAM district output to the district shapefile originally used to create the BEAM district input file. This information can then be Ames, Iowa 129 displayed graphically in ArcView showing the effect the proposed project would have in one of various economic categories. By providing aerial photography, street networks or land use maps in conjunction with the BEAM output, information can be more easily conveyed to both decision makers and the public. Tying the economic values to geographic features provides an easily understood basis upon which to build arguments concerning the proposed project.
CASE STUDY
The Kimberly Road case study provides a good basis upon which to evaluate the performance of the ArcView-Tranplan interface's BEAM module as well as the feasibility of using the BEAM program on smaller urban projects. Perhaps due to the use of only one mode of transportation for this case study, the true strength of the BEAM program was not fully utilized. Another factor to consider when evaluating the use of BEAM is the amount of congestion experienced within the network. BEAM has been developed to explicitly evaluate the more complex congestion associated with queuing and incidents rather than volume to capacity ratios alone as well as redistribute the productions and attractions within the network according to accessibility to the network. BEAM also allows for multiple capital cost projects to be included over a period of time, while the Kimberly Road case study used only one capital improvement. However, BEAM did appear to produce reasonable results when the Tranplan daily output for VMT was compared to the BEAM yearly VMT. BEAM's prediction of VHT was greater than the Tranplan estimate again due to BEAM's accounting for complex congestion. Figure 5 shows the risk analysis histogram of the costs of the Kimberly Road case study. The bottom line of the Kimberly Road case study is the benefit-cost ratio of the proposed project. The system-wide ratio was calculated by BEAM to be approximately 5.3 to 1. This indicates a very high benefit return for the capital and user costs associated with the project. Figure 6 shows the total user benefits to the Quad Cities residents that are attributed to the proposed widening of Kimberly Road. By overlaying the BEAM output with the major streets within the Quad Cities, the proposed projects effects have been tied to geographic locations that are quantifiable by nature. The ArcView-Tranplan interface proved to be a useful aid in the Kimberly Road analysis by storing, displaying, and formatting input data as well as displaying the BEAM output at the district level.
The Kimberly Road case study has brought about several items to consider when contemplating the use of BEAM for the economic analysis of transportation projects. The first item is the quality of the travel demand model output used in BEAM. Users should be sure that the traffic assignment is revealing assignment differences due only Ames, Iowa 130 to the scenario change. The second item is the functional classification used in the model network. BEAM relies heavily on the functional class assigned to each link when assessing benefits, especially pollution and accident costs.
Finally, users should consider collecting as much local information related to the user costs as possible. Contacting the state department of transportation may be a great starting point for collecting the accident, emissions and other costs that make up an economic evaluation.
CONCLUSIONS
The goal of any alternatives analysis is to gather information which will aid in the decision making process.
In the past, technical professionals involved in alternative analysis relied upon the comparison of benefits and costs to select the course of action. However, the interaction of the transportation network, the transportation users and the surrounding land use make quantifying costs and benefits over any period of time a difficult assignment. By utilizing FHWA software advancements, a more comprehensive assessment of project impacts can be made. As transportation related decisions become more complex and emb edded in public opinion, the need to convey technical information in a simple and graphical manner must be addressed.
The ArcView-Tranplan interface is similar to other available tools that allow transportation professionals to create and edit Tranplan networks, perform the Tranplan analysis, use standard modeling tools on the output and visualize the entire process with the aid of aerial photography or other underlying cartographic layers. BEAM is comparable to other economic evaluation programs in its ability to account for a variety of economic factors that affect the benefits of transportation users in a given system. By combining these two programs, a visual economic analysis can be performed on projects that are only in the early planning stages such as the Kimberly Road project.
This package of programs could be quite useful for not only the technical portions of an economic feasibility study, but in educating the public on the effects of proposed projects as well.
